Short-term plasticity of extrinsic excitatory inputs to neocortical layer 1.
Previous studies have shown that different pyramidal cell inputs vary in the short-term plasticity expressed when they are subjected to repetition of use. Here, we describe short-term plasticity at synapses that mediate long-range input to neocortical layer 1 and compare it with that which normally occurs in the hippocampal Schaffer collateral pathway, which also involves projection by remote inputs onto apical dendrites. We isolated tangential inputs to layer 1 in neocortical slices, stimulated these with brief 40-Hz trains, and examined postsynaptic responses by recording extracellularly from layer 1 in somatosensory, prefrontal, and visual neocortex, and intracellularly from visually identified pyramidal cell somata in layer 2/3 in somatosensory and prefrontal neocortex. Train response amplitudes were characterized by calculating paired-pulse ratios, fifth-versus-first amplitude ratios (5th/1st ratios), and a center-of-mass index "M". As expected, the hippocampal train responses facilitated strongly. In contrast, layer-1 responses displayed strong synaptic depression in all regions examined. This depression was reflected in 5th/lst ratios and M scores, but not paired-pulse ratios because it did not consistently begin until the third responses in trains. It persisted unchanged in the presence of partially blocking levels of 6-cyano-7-nitroquinoxaline-2,3-dione (CNQX), but was converted to strong facilitation when slices were bathed in low-Ca++ media. Intracellularly, we observed response-train depression very similar to that recorded extracellularly. These findings show that long-range inputs to neocortical layer 1 display short-term plasticity markedly different from that which normally occurs at hippocampal Schaffer collateral synapses, but similar to that which has been described previously for excitatory inputs to pyramidal cells in deeper neocortical layers.